We examined the accuracy of a simplified moveout formula of PS converted (C-) waves in multi-layer media. This formula uses only two parameters (stacking velocity and anisotropic coefficient) to control the reflection moveout of C-waves. The results from synthetic models show that this simplified formula has the same order of accuracy as the other formulae with four parameters for Cwaves. This confirms that only two parameters can be reliably estimated from C-waves alone. C-wave moveout can be corrected without knowing the velocity ratios. The processing of C-wave data may then be simplified.
Introduction
4C seismic acquisition has become increasingly common in the oil industry due to its ability for imaging through gas clouds and lithology-fluid prediction. The moveout in 4C seismic data takes a crucial role in imaging and velocity model estimation. Different formulae have been derived for P-, S-, and C-waves with different kinds of parameterization (Alkhalifah, 1997; Cheret, et al, 2000; Li and Yuan, 2003; Thomsen, 1999, Tsvankin and Thomsen, 1994) . For P-and S-waves, formulae with two parameters are commonly used; however for C-waves, formulae with three, four, or five parameters are used. Therefore different approaches and software need to be applied to P-, S-, and C-wave datasets. Unlike in processing the P-and S-waves, not all the parameters in these formulae can be reliably estimated from the C-wave alone. The values of parameters estimated from these formulae then have some uncertainty. In order to simplify the approaches for processing C-waves and overcome the problem in parameter estimation, in this paper, we derive a simplified moveout formula for Cwaves, which uses only two parameters (stacking velocity and anisotropic coefficient), examine the accuracy of this simplified formula using several synthetic models, and discuss its advantages and disadvantages for data processing.
Travel-times in multi-layered anisotropic media
Consider an N-layer VTI medium with interval parameters ( V , . The P and S waves are reflected at the bottom of the N-th layer. The PS converted wave (C-wave) is converted at the conversion point of the N-th layer with a down-going P-leg and an up-going S-leg. However, the Cwave can be considered as a P-wave leg plus the mirrored S-wave leg (Figure 1 ), and P-and S-waves can be considered as the down-going leg plus the mirrored upgoing leg. Then all three waves should have similar moveout. The moveout equation of P-, S-, and C-waves can be written in the following generic format as:
(1)
Where is the vertical two-way travel-time, V is the stacking velocity and is the anisotropy coefficient. h is the half offset.
is an empirical parameter related to the wave type. Figure 1 . The multi-layer media, the ray-paths of the PP, SS and PS waves reflected at the bottom of this model, and the mirrored ray-paths of PP, SS, PS waves. 0 t and V are defined using the Thomsen's notation (Alkhalifah, 1997; Thomsen, 1999; and Li and Yuan, 2003) as:
, ,
, and
For P-and S-waves, is defined (Alkhalifah, 1997; and Li and Yuan, 2003) as: Since the definition of V and are the same for P-, S-, and C-waves, it seems for C-waves should have a similar expression as for P-and S-waves. Noting that m for P-and S-waves are different, what formula should be for C-waves? Can we used a simple expression of m to replace ? Numerical analysis shows that m may be set to a value between 0.5 and 2.0. Several empirical expressions of may fit this. Here we test the accuracy of equation (1) 
Synthetic model analysis
To test the accuracy of Equation (1) with different , we consider four multi-layer models. Model 1 is a three-layer anisotropy model (Table 1) with a strong velocity contrast and large anisotropy. Model 2 is its corresponding isotropic model. Model 3 is a four-layer anisotropic model (Table 2) with a moderated velocity contrast and less anisotropy, and Model 4 is its corresponding isotropic model. We calculate the moveout of C-waves using Equation (1) Table 1 shows the interval velocities and anisotropy parameters of model 1. Figures 2,3, and 4 show the errors of traveltime for each reflector. Model 3: Table 2 shows the interval velocities and anisotropy parameters of model 3. Figures 8, 9 , 10, and 11 show the errors of traveltime for each reflector. (1) with corresponds to the four-parameter equation obtained by Li and Yuan (2003) . Equation (1) with is the most stable equation because its residual moveout is always positive for all four models. For the models 3 and 4 which have the moderate velocity contrast, Equation (1) 
